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Abstract 
Based on latest improvement of shaking table test of subway station structure, the paper carries out an experiment to 
verify the monitoring and data acquisition technology in the shaking table test. The test item mainly includes  
acceleration in the soil and on the structure, interaction force between soil and structure, distribution of soil 
displacement field, the relative displacement of structure to soil, and pore-water pressure. After analyzing the 
experiment process, the researchers find out several common difficulties that easy to meet in similar kind of tests, and 
also propose some solutions and ideas to handle with the difficulties. 
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1. Introduction  
The damage to subway station in the Kobe Earthquake has arisen out of the interest of scientists. The 
earthquake damage shows that there will be a large deformation in the soil during the strong earthquake, 
which causes severe damage to the subway structure. So the seismic behavior of subway station structure 
has attracted increasing attention [1]. However, the prototype test costs lots of time and has little effect for 
study. The results of theoretical analysis and numerical calculation can’t be verified. So the model 
experiment is one of the best ways to study the seismic performance of the underground structure, where 
the large scale shaking table test is the most important one of them. Jun Matsui et al, [2] have made the 
shaking table test for studying if the underground structure damage can be avoided to improve the 
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skeleton curve and the energy dissipation performance. Shang et al, [3] and Gong et al, [4] have studied 
respectively the shaking response of the single-floored structure and the rectangle frame subway station in 
dry sand. Yang et al [5] have made the free field shaking table test, the typical Shanghai subway station 
shaking table test and the subway station joint structure shaking table test. Chen et al [6] have carried out 
a large-scale shaking table test for subway station structure built in the liquefiable saturated fine sand soil. 
Bian [7] have studied on the earthquake performance of subway structure through the shaking table test of 
typical structure type in Beijing. In these tests some test items are solved by different methods according 
to different purposes of the experiment. Conclusively, the main test items include acceleration in the soil 
and on the structure, interaction force between soil and structure, distribution of soil displacement field, 
the relative displacement of structure and pore-water pressure. 
Although lots of scientists have carried out the test and accumulate a lot of experiences, there are still 
some difficulties hard to be solved, such as the testing technology of the displacement inside the soil and 
the relative displacement of structure to the soil, waterproof technology of sensors, observation 
technology of the model inside the soil, and so on. The geological conditions and the subway structure 
shapes are different everywhere, so the dynamic response in the earthquake is very different. Therefore, 
the shaking table experiments are necessary during the different geological conditions and the different 
shape structures, and the monitoring and data acquisition will be increasingly important. The paper will 
deal with the motoring and test methods of items, study the problem in the test technology, and give the 
treatment methods, so as to provide reference for the later research of shaking table test of subway 
structure. 
2. Main text  
2.1. Acceleration test 
The seismic response of soil and structures mainly embody as response acceleration. So the motoring 
of the acceleration during the earthquake waves inputting are mostly necessary. In the shaking table test 
of subway station, the acquisition of acceleration includes as following aspects: one is the acceleration 
test inside the soil, and the other one is on the surface of model structure. The accelerometers embed in 
the soil during testing, so the integral firmness and water-resistance of sensors are mostly important. In 
addition, due to the density of sensors is much more than the density of soil, the coupled vibration may be 
occurred during the test. The accelerometers fix on the surface of the model structure also involve with 
the problem of water proof. So the accelerometer must be reformed in the test. 
Fig.1. Accelerometer buried inside the soil (left) 
Fig.2. Accelerometer fixed on the structure (right) 
Based on the research of Chen [6] and Zhuang [8], the accelerometers buried inside the soil are 
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reformed. First, a transparent and rectangular box is made and lined out of the sensors. The box is made 
of organic glass because of which density closed to that of the model soil. It is shown in Fig. 1. So that 
the combination solid can keep stable and prevent the water outside. The accelerometers on the surface of 
structure are fixed on the backing plate made of steel, so as to connect with the model structure. They are 
shown in Fig. 2. 
The treatment method is used in a shaking table test of typical subway station structure, the test results 
during inputting Hujialou earthquake wave are shown in Fig. 3. After the test there is no phenomenon of 
loosening, displacement shift, and water inletting. The test results show that good effect has been 
achieved. 
            (a) Hujialou earthquake wave;                 (b) Acceleration in the soil;                      (c)Acceleration on the structure; 
Fig.3. Acceleration time history with Hujialou earthquake wave inputting 
2.2. Interaction force test between soil and structure 
The pressure on the structure of soil is one of the important factors which caused structural damage. 
The distribution law of interaction force on the structure can be reflected through monitoring the pressure 
on the structure. The soil pressure sensor in the shaking table test is developed for the need of dynamic 
pressure measurement in soil. It is used the mini soil pressure sensor to measure soil pressure in the model 
test and the result is more exactly. The range and accuracy of sensor are selected according to the test 
conditions. During installing of the sensors, the issue of waterproof must be attention. So soil pressure 
sensors on the surface of structure are fixed with double-layer glues, the function of the inside layer is 
used to fix, and which of the outside layer is used to prevent water. They are shown in Fig. 4. 
 
(a) Inside layer is used to fix;                     (b) Outside layer is used to prevent water;                 (c) Sealing compound; 
Fig.4. The soil pressure sensor fixed on the structure 
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2.3. Stress and strain test of model structure 
The change of the stress and strain of structure model can be monitored by strain gauge. The results 
can calculate the stress distribution law and elastic-plastic states of the structure model. The pasting 
direction must be attention according to the research purpose. The water proof is most important during 
the pasting strain gauge because of its high sensitivity to water. In addition, the fixing of strain gauge 
must be combined with making process of model and ensure pasting visualized. So as to guarantee the 
manufacturing quality and testing effect of strain gauge. The method is used in the shaking table test of 
typical subway station structure mentioned above. The pictures of strain gauge pasted outside and inside 
the surface of concrete and on the steel wire are shown in Fig. 5. The test results show that the effective 
rate of strain gauge is 80%. 
(a)Outside the structure model ;                         (b)Inside the structure model ;                               (c)On the steel wire; 
Fig.5. Strain gauge on the structure model 
2.4. Displacement test of soil 
The earthquake damage in recent years shows that the damage of underground structure is mostly 
caused by the large deformation of foundation. The guiding ideology of seismic design of underground 
structure has changed from intensity controlling to deformation controlling. The analysis of soil 
deformation during the earthquake has been drawn more and more attention. However, because of 
backward measurement technology, the displacement test of soil is still an urgent problem which needs to 
be solved.  
In the shaking table test, the displacement of soil includes vertical displacement on the soil surface, 
horizontal displacement outside and inside the soil. The displacement test of soil is depended on the type 
of model box. For example, measurement of soil displacement is very difficult in the rigid box [5]. In the 
shaking table test carried out by Chen et al [9] the vertical displacement on the surface of soil is measured 
by laser displacement meters. Reflective panels are fixed on the surface of model soil for better 
monitoring result. Because laminar shear box is used in the shaking table test, which can move freedom in 
the horizontal direction, the horizontal displacement on the lateral boundary of soil could be measured by 
guyed displacement sensor. It is shown in Fig. 6. 
At present, the displacement test inside the soil is still difficult. The general sensor can’t be fixed in the 
soil and laser can’t pass through the model soil to measure. In the shaking table test of typical subway 
station structure mentioned above, the vertical displacement inside the soil is measured by a method of 
magnetic induction. There are many magnetic rings buried in the model soil, which set out in plastic pipes. 
The magnetic rings move with soil. The displacement of soil can be reflected by the changed location of 
rings. The method is very effective but has low accuracy.  
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(a)Laminar shear box;                               (b)Laser displacement meter;                      (c)Guyed displacement sensor 
Fig.6. Displacement test of soil 
2.5. Other items 
According to the purpose of shaking table test and material used in the test, there are also some items 
needed to test. They include pore water pressure in saturated model soil, relative displacement between 
the structure and soil, the displacement of structure in soil, natural frequency of the model, the failure 
process of underground structure during in the test, and so on. Some of them have been carried out in 
previous studies. For example, Yang [5] monitored the change of natural frequency of the model by 
inputting white noises after the earthquake waves inputting. Chen [9] monitored the change of pore water 
pressure used pore water pressure gauge in the shaking table test of saturated soil. In the shaking table test 
of typical subway station structure mentioned above, there are some cracks distributed on the surface of 
model soil and structure. They are shown in Fig. 7. The cracks can be measured and analyzed. However, 
the damage of the deep soil and structure buried cannot be measured easily, and there are no effective 
methods to monitor in the shaking table test above. With the development of photograph technology, 
Monitoring of dynamic visualization will be used in the shaking table test. 
 
 
 
 
 
 
 
 
 
 
 
     Fig.7. The damage on the surface of soil and structure 
3.  Conclusion 
According to the experiment result we carried out and the analysis of the improvement achieved in the 
monitoring and data acquisition technology in the shaking table test , the following conclusions can be 
drawn: 
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(1) The item need to be measured or monitored in shaking table test of subway station mainly include 
acceleration and displacement of structure and soil, stress and strain of concrete and steel, interaction 
force between soil and structure and pore water pressure. 
(2) In the test of acceleration, pressure and strain, the waterproofing of sensors is very important. The 
methods in the test mentioned above have good effect.  
(3) The displacement test inside the model soil haven’t find an effective method, lading magnetic rings 
in the soil can reflect the movement of soil, but has low accuracy. 
(4) There are still some items such as relative displacement between the structure and soil, the damage 
process of structure etc., which can’t be monitored effectively. 
(5) With the development of photograph technology, Monitoring of dynamic visualization could be 
used in the shaking table test. 
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